Abstract. In order to meet the communication needs of underground space, it is necessary to build an underground communication network. Taking the data of a region as an example, considering the construction cost, the communication expense, equipment and lines carrying capacity and the characteristics of underground communication, the model of the problem was analyzed. By using the iterative judgment of position and quantity of information flow, k-means clustering algorithm, genetic algorithm and other methods, we established LANs and high-level nodes, as well as the trunk line and the branch line. The process of designing the underground network took into account many factors. And the final results meet the actual requirements and the common sense. It provides a reference for similar problems in the future.
The Design of Underground Communication Network

Statement and Analysis
Based on the OD matrix (Origin Destination) of information flow in a region, the quantity of information flow requirements of 114 terminals are described (as the data is too large, data will not be displayed completely). Through the rational design of the communication network, so that every terminal can meet its own communication need, at the same time, reduce network construction and use costs as much as possible. According to the characteristics of the underground communication network, we can use the router as a node to create a local area network (cover radius < 3 km), assuming that the throughput of each routing node is no more than 3000 Mb/s. At the same time, we can use the other kind of router with more power, to achieve long-distance interconnection, assuming that the throughput does not exceed 4000 Mb/s. Due to the difficulty of upgrading the underground network, the cable selection takes full account of the future development. Assuming that the cable is two ways and the transmission capacity of the cable each direction is 14400 Mb/s, and the cable cost is 350 million yuan per kilometer, the communication cost is 0.05yuan/kilometer. In order to make all the underground terminals meet their own communication needs, and to minimize the total cost, we can follow the following steps to analyze:
(1) Calculate the required quantity of information flow of each terminal. Then, determine the location of the routing node, and create LANs.
(2) Group the LANs, use advanced router as a high-level node to summarize the local area network traffic and communicate with other groups.
(3) Determine the trunk lines between high-level routing nodes and the trunk lines between high-level nodes and information stations.
(4) Determine the branch lines between the local nodes in the same group. In the figure, four red dots indicate the existing network information stations in this region, and the quantity of information flow (unit Mb/s) has been marked in the corresponding position. According to the following steps can be based on the terminal traffic requirements and relative location to establish a local area network (LAN):
Set up LANs
(1) Select the farthest point in the region from the center, and establish a LAN.
(2) Add the node with nearest distance to this LAN, calculate the total traffic in this LAN. Determine whether the sum of traffic is larger than 3000 and whether there is a circle so that all nodes in this LAN are in the circle with its radius less than 3km.
(3) If so, repeat the step (2), if not, delete the point that has been added to the LAN, perform the step (1).
Through the above algorithm, each terminal can be added to the LAN to meet the communication needs of the terminal. Algorithm iterative process and the result (with the number of each LAN) shown in Fig. 2 . 
After the implementation of this step, we can block the specific information of the terminal, focusing on the relationship between the LANs.
Set up High-level Routing Node
According to the problem, the information station can only be connected with the high-level routing node, through OD matrix M, the traffic flow from information center can be calculated: 
Group the LANs
Because the quantity of information flow of each LAN is similar, and the LANs within the same group should be close to each other. We can use k-means algorithm for clustering [4, 5] . Set four categories and define the four high-level nodes as the center. The gravity of the center is proportional function to the distance. By clustering, LANs in each group are shown in Table 1 . 
Set Trunk Lines
In order to describe the relationship between the local area network more accurately, we need to calculate the OD matrix of groups P = {p ij }. The results are shown in Table 2 .
  As each high-level node traffic is not much difference, we should choose ring or mesh network as the trunk line's structure. By calculated, the depreciation expense each day of building a connection between high-level node 1 and 3 is: 
Set Branch Lines
To build the right cable to connect LANs in group 1, we must introduce the following variables: the length of each line is l(n). Because there are 8 LANs in the group, there should be 8×(8-1)/2 =28 connections between each other. So set n=1,2…28; a variable is assigned to each line, x(n). It indicates the break of line n, 0 means break, 1means connected. So, it is known that the construction cost of the route is: (Cost 1 +Cost 2 ) .
Using the genetic algorithm [7] , set the target to (Cost1+Cost2), after iteration, can be obtained: x(n)= 1000000100000100001000100101. Similarly, the connection of rest of the group can also be obtained.
The final underground communication network design shown in Fig. 3 . 
Conclusion
In this underground network design, the first established 26 routers and LANs, taking into account the cost and information traffic. From these routers, 4 high-level nodes were selected. And then grouped LANs according to high-level nodes. According to the order from the whole to the local, trunk lines and branch lines are designed. The network is divided into two layers: The first layer uses a ring structure and the second layer is in series. The trunk line adopts the ring structure, while the branch line adopts the series structure. The design takes into account construction costs and communication expense, and meet the limitations of practical applications and the common sense of network design. This design idea can be used to solve similar problems in the future.
